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CONVERSION  FACTORS:  U  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OE  MEASUREMENT 

1  bese  lonv.'.sion  factors  include  all  tho  MRn.fuant  digits 
g.ven  in  the  conversion  tables  m  the  ASIM  Metnc  PraCi ic 
Guide  ((  <801  whu  h  has  been  approved  «or  use  by  the  Depa 
ment  ot  Detense  Converted  values  should  be  rounded  to  have 
the  same  precision  as  the  original  (see  I  tad) 
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INSULATING  AND  LOAD-SUPPORTING 
PROPERTIES  OF  SULFUR  FOAM  FOR 
EXPEDIENT  ROADS  IN  COLD  REGIONS 


North  Smith  and  Daniel  Pazsint 


INTRODUCTION 

The  thawing  of  ice-rich  tint' grained  soils  in 
the  i  old  regions  of  the  world  creates  severe 
structural  support  and  environmental  problems 
in  roads  and  airfields  In  permafrost  regions,  in¬ 
sulating  materials  have  been  used  to  maintain 
the  frozen  state  ot  the  substrate,  while  in  sea 
sonal  trost  areas  insulation  is  used  to  prevent 
freezing  of  the  substrate  Insulations,  both 
natural  and  synthetic,  are  rather  expensive  and 
costly  to  use,  therefore  new  candidates  are  be 
mg  developed  constantly 

1  his  report  desi  ribes  the  construi  tion  and  the 
evaluation  ot  two  expedient  road  test  sections  ot 
foamed  sulfur  covered  with  expedient  surtac  mg 
1  he  investigation  was  i  ondui  ted  m  t  nnpinc  tion 
with  the  Southwest  Research  Institute  (SVVKI)  ot 
San  Antonio,  Texas,  where  the  sulfur  foam  con 
cept  was  developed 

SITE  PREPARATION 

During  the  summer  of  1470  a  site  was  laid  out 
tor  two  sulfur  foam  sei  tions  (d  and  e,  I  ig  D  in  an 
undisturbed  area  at  the  t'RRfl  farmers  Loop 
Road  facility  near  Fairbanks  Alaska,  using  the 
original  centerline  ot  the  fxpedient  Roads  lest 
Sections  In  the  early  tall  ot  1470  part  ot  the  area 
(approximately  70  x  20  ft)  was  cleared  ot  all 
trees  and  underbrush  leaving  the  natural  vegeta 
tion  mat  mtac  t  1  he  vegetative  glow th  c onsisted 
largely  ot  small  spruce  and  willow  trees,  low 
i  ranberry  bushes  and  moss  I  his  area  extended 


from  approximately  station  2  +  2S  ot  .in  adiom 
mg  polyurethane  test  set  tion  to  station  2  +  4S 
(see  I  ig  2)  No  soil  testing  was  done  on  this  area 
which  generally  is  not  appreciable  different 
trom  that  tested  tor  the  polyurethane  section* 
Depths  to  the  top  of  the  permafrost  were  deter 
mined  toi  the  area  by  using  an  engineering  level 
and  a  steel  probing  rod  when  construction 
started  on  21  September  1470  A  15-lt-square 
sei  tion  extending  trom  station  2  +  27  S  to  station 
2  +  42  f>  was  staked  out  tor  the  loam  application 
in  October  1470  Ibis  fust  sulfur  foam  pad  and 
subgrade  section  (d)  was  instrumented  lor 
temperatuie  measurements  with  three  tlier 
moiouple  assemblies  having  eight  points  each 

1  hose  were  installed  as  shown  m  figure  1  In 
pouring  a  slurry  ot  fairhanks  silt  (which  later 
refroze)  around  the  positioned  points  and  lead 
wires  I  able  I  gives  the  point  locations  ot  all 
thermocouples 

A  second  I  S  ft  square  sulfur  foam  pad  (sei  tion 
e)  was  poured  in  May  1471,  adiacent  to  the  lust 
one,  between  the  expedient  road  stations 

2  f  42  f>  and  2  -f  57  S  (see  I  ig  1  and  71  I  he  area 
was  stripped  to  frozen  ground  with  a  trout  end 
loader  and  bulldozer  after  being  i  loatod  ot  trees 
and  brush  frozen  soil  i  ores  taken  from  the 
subgrade  thermoiouple  installation  holes  wore 
tested  tor  moisture  content  and  dry  densities 
(see  Table  111  Ibis  pad  was  also  instrumented 
with  three  thermocouple  assemblies  of  eight 
points  each  1  hose  assemblies  were  also  install 
ed  with  a  silt  slurry  at  the  locations  shown  in 
f  igure  1 
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Table  I.  Thermocouple  point  locations.* 
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Table  II.  Properties  of  suhgrade  soil  beneath  sulfur 
foam  pad  * 
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*Undt*r  Ma\  1l|'|  sulfur  foam  pad 


SULFUR  FOAM  APPLICATION 

Installation  ot  tin-  first  sulfur  foam  tost  sot 
turn  fii)  was  started  late  on  51)  September  lc>70 
and  continued  during  the  tirst  two  days  of  Ot 
toiler  l')70  The  equipment  setup  consisted  ot 
SVVRI  s  steam  lacketed  realtor  vessel,  anil 
t  KK(  I  s  accompanying  steam  boiler,  electric 
generator  and  air  compressor 

I  hi*  sultur  was  delivered  in  barrels  in  lump 
form  from  laylor  Bt  Canada  where  it  was 
recovered  from  sour  natural  gas  Other 
chemicals  used  to  produce  the  tonm  were 
shipped  from  San  Antonio.  Texas 

I  he  sultur  foam  mixture  was  ot  the  same  t or 
mutation  as  reported  in  t  KK(  I  I  ei  hint  al  Report 
22 7  Seven  hatches  ot  loam  prepared  to  con 
struct  this  test  pad  had  the*  following  composi 
turn 


Component  Weight  (lb) 

Sulfur  3(H)  0 

laic  30  0 

TVS,  (phosphorus  pentasultide)  1  S  0 

N,PO»  (phosphoric  and)  ISO 

I  S-cyc  looctadiene  0  0 

TCP  (tricresyl  phosphate)  0  7S 


Although  most  ot  the  later  hatches  used  sultur 
premelted  in  a  make  shit t  steam  heated  barrel 
the  process  was  intended  to  be  conducted  b\ 


melting  the  sultur  in  the  reai  tor  1  his  premelting 
ot  the  sultur  reduced  the  preparation  time  per 
batch  by  as  much  as  an  hour  \s  the  sultur 
melted  and  its  temperature  stabilized  at  _’*H)°1 
(the  limit  ot  the  reactor  steam  picket)  the  talc 
P  Ss  IIP  and  f ,  3  eye  loot  tadiene  wete  added 
and  mixed  by  stirring  during  the  reaction  Attei 
mixing  tor  approximately  It'  minutes  the 
phosphoric  acid  was  added  and  mixing  ton 
tinned  I  he  reaction  produc  t  was  then  forced 
out  ot  the  reactor  through  hoses  by  air 
pressurization  ot  the  reai  tor  vessel  The  loam 
was  applied  m  I  to  2  in  layers  as  it  oozed  Horn 
the  hose  yxith  a  consistency  ot  pane  akt*  batter 
(I  ig  4  and  cover)  1  he  surface  ot  the  loam  was 
tacky  tor  about  an  bout  and  the  test  pad  could 
not  be  walked  on  without  damage  until  three  to 
four  hours  alter  pouring 

I  lit*  test  pad  was  poured  m  two  or  three  layers 
to  obtain  a  relatively  even  surface*  at  the  it* 
quired  thickness  About  half  ot  each  prepared 
hatch  was  applied  to  each  halt  ot  the  pad.  tiont 
and  rear  (west  and  east)  and  a  final  hatch  was 
used  as  a  leveling  layer  and  to  make  test 
samples  1  hree  w ooden  test  sample  boxes  (f  ig  3) 
were  list'd  as  molds  and  shipping  containeis  tor 
the  tour  sample's  I  hose  were  extensively  tested 
and  compared  with  sultur  tonm  samples  taken 
direc  tly  from  the  pad 

Sec  tion  e  was  poured  on  IS  Stay  )''")  when 
tile  ground  surface  was  starting  t is  thaw  1  he 


4 


/  igure  S.  Wooden  boxes  with  poured  sulfur  foam 
samples,  October  1970. 


fif>uie  4  finish  application  of  foam,  showing 
consistency  and  application  technique,  May 
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teat  U*r  ei|iupment  used  in  the  Oc  tobei  1970 
foaming  had  been  winterized  and  stored  on  the 
site  tor  us*>  on  this  pail  I  hi-  tommlation  diMi-it-d 
trom  tin-  previous  one  by  the  addition  ot  a  liipiid 
plastic  i/er,  lluokol  II*  I.  to  reduie  tlu-  brittle 
nature  ot  the  lured  loam  I  his  polysultided 
ethylene  iiimpound  ssas  added  to  the  (list  ball  h 
at  a  ‘i%  by  weight  ratio  Sime  the  lust  bati  h 
ot  loam  overheated,  piesumahly  due  to  the  .id 
dition  ot  the  II’  I  the  amount  ot  additive  was 
reilmed  to  I '  i  %  by  weight  lot  the  lemaimng 
live  bati  hes 

I  he  trout  hall  ot  the  tro/en  subgrade  test  pad 
area  was  lovered  with  l'i  in  tlin  k  fiberglass 
matting  (tig  t>)  I  he  matting  extended  over  the 
entire  width  ot  the  IS  It  wide  p.nl  trom  station 
»  t  4.’  S  to  station  ♦  St>  and  was  expei  ted  to 
piovide  added  tensile  stiength  to  the  |>.ul  I  wo 
tiati  ties  ot  loam  wi-ie  ponied  onto  the  tibeiglass 
matting  (tig  ’)  and  tsso  moie  bati  lies  were 
poured  on  (tie  real  hall  ot  the  pad  (I  ig  HI  I  he 
tiltti  bati  h  was  used  to  till  in  some  low  spots 
loiateil  generally  in  die  middle  and  lett  rear 
i|uailrant  •!  the  pad  I  he  hardened  pad  is  as  then 
invcied  in  a  i  iissi  toss  pattern  with  a  thin 
tibeiglass  webbing  Molten  sultui  ssas  rolled  on 
to  tins  webbing  to  bond  it  to  tin-  loam  surtaif 
(t  ig  *1)  m  an  attempt  by  SVN  Kl  peisnnnnl  to  pin 
suit*  a  more  durable  loam  pad  sultan- 

SULFUR  FOAMING  EQUIPMENT 

lln-  realtor  employed  by  SWKI  personnel  toi 
the  installation  ot  these  sultui  loam  test  sei  turns 
ssas  a  t  onverted  steam  |.u  ketr-rl  piessure  yessel 
marie  ot  mild  steel  and  npeiated  at  Hl>  (isi  steam 
pressure  An  elertiu  motor  mounted  on  top  ot 


figure'  ID  Open  /ondmg  hatc  h  sprier  r/mr- and 
an  pressure  In n-  on  \ WKI  i eat  tin 


the  rear  toi  was  used  to  dnve  a  s»*t  ot  mixing  pad 
dies  inside  the  vessel  Compressed  ail  was  used 
to  expel  the  molten  loam  through  insulated 
hoses  this  batch  mixing  reactor  was  charged 
w  ith  tin-  loam  c  omponents.  c-xc  opt  the 
phosphonc  ac  id,  thiough  a  hate  h  in  the-  top  (I  ig 
10)  I  he  phosphoric  acid  was  added  through  a 
valved  inlet  line  at  the-  top  ot  the  vessel  with  tin- 
use  ot  a  tunnel  A  pipe  c  onin-c  lion  on  tin-  teat  tor 
was  available  toi  applying  pit-ssuri/od  st«  m 
diioctlv  to  the  toam  dischaigc-  lun-s  tx>  t  lt-ai  out 
solidity  mg  sultui  loam  altc-r  each  applit  ation 

1  he-  rc-ac  toi  peitomn-d  yst-ll  yyith  no  met  ham 
tal  failures  I  he  length  ot  time  leipiirotl  to 
l»ic-(>arc‘  a  100  lb  bait  h  ssas  probably  in  the  I  '  i 
to  l  hotel  tango  although  hatches  could  ton 
t  t-iy  ably  In-  i  y  i  led  through  the  teat  tin  in  about 
an  horn  yyith  pii-mc-lted  sultui  available  lln-ie 
sst-ic-  pioblems  m  piotlut  mg  loams  ot  unitoim 
t  |ci  a  1 1 1  y  in  ilittc-ienl  bati  lies,  as  might  be  ox 
|>et  ted  in  a  hate  h  ly  pc-  i  hemic  al  (not  ess 

ENVIRONMENTAL  ASPECTS 

Ambient  air  tomporatuios  timing  the  t  onstiut 
turn  ot  the  sultui  (tail  in  September  Ot.  tohet 
1‘»70  wen-  model. itely  tool  yyith  highs  ot  J ri°  to 
l‘>°l  anti  loess  ot  I  I”  to  7r»°(  Ot  i  asional  light 
snoystall  tltiimg  the  test  at  t  umulatetl  to  a  I  to 
.’in  ground  tovei  and  actual  toanung  took 
plate  on  top  ot  a  I  in  snow  tovoiod  vegc-tative 
mat  (I  ig  111  I  ho  stibgiado  suilat  o  temperature 


I  igiuc-  I 1  Apply  mg  sultui  to.im  on  snow 
t  r»y  e-ie-t/ y  c-gc-rafiy  c- mar  (hrobc-f  |9’() 


was  IO°l  tlmmu  tho  initial  appln  ation  ot  loam 
llm  oporation  ol  all  oi|mpnmnt  UM'il  in  ( lit*  ton 
stun  tion  pitut'ss  vsas  not  advotsolv  allot  toil  !>\ 
thosp  yvoatlmi  t  ontlitions  Obviously  somo  tom 
poratmo  tliop  was  i'\p«'t  It'tl  in  tho  loam  altt'i  In' 
mu  ospollod  tiom  tlm  mat  tot  at  J'HVM  vvtuU* 
passmu  Ihrouuh  I  r>  JO  It  ot  host'  i  onsnlt'imu  tlm 
aliovo  Imat  loss  tlm  ti'inpi'iaturt'  ot  tlm  to.im  at 
tlm  no//lt'  was  probably  in  tlm  J SO  JtiO°l  tanut' 
as  t-\  itlt-m  i'il  li\  tlm  i .ipul  solithlit  ation  on  tlm 
Utoiiml  it'lt'nmntal  snltm  solitlitms  at  api>to\ 
imali'lv  J  t4°M  11m  toltl  snow  iayt'i  on  tlm 
snhsti.itt'  i  .lust'll  tlm  loam  to  hanlt'n  ipin  kl\  ami 
torm  a  donso  bottom  Iayt'i  in  llm  tiO  HO  lit  tt'  tlt'ii 
sit\  tanu«'  I  Im  rt'poit1  l>\  SV\KI  on  this  piop't  t 
has  sonit'  additional  data  iniln  atmu  that  simil.n 
it'su Its  ott  tint'd  whi'ii  sulfur  loam  was  applmtl 
to  tlr\  it  t' 

llm  t  omplt'ti'il  pail  showt'tl  siuns  ot  smtaio 
ir.ukmu  within  a  tlas  01  two  altt'i  t  oniplt’tion 
I  In'  tlnnimr  t'tluos  ot  tin1  pail  sopaiatod  tiom  tlm 
main  mass  dutmu  this  (mm  ht't  aviso  ot  shiinkaut' 

I  ht'rnioi  ouph’  roathnu'  t.ikt'n  Imton'  iltninu 
anil  adt'i  |ioiinnu  tlm  toam  showt'tl  that  tlm 
siihut.idt'  suit. it  t-  mat  lit'il  a  mavimum  til  I7°l 
wliilf  tin'  tt'iiipt’iatint'  I  in  Imlow  tlm  snliutadt' 
sml.it  o  and  dt't'pt'i  it'inaiimtl  inn  hanut’t)  at 
t'sst'ntiallv  U°l 

Woathoi  i  ontlitions  tlurinu  tlm  May  1*171 
stillin  toanunu  wort'  111010  motloiatt'  than  111  tin' 
tall  with  (nulls  in  tlm  40bt)°l  ranuo  anti  lows  in 
tlm  to  s  Most  t»l  tin'  snow  had  nmltotl  In  tin' 
tinm  tlm  strippinu  t>|n'taiion  toi  tlm  pad  was 


startod  lhio  to  tlm  w.iinmi  toni|mta(uti's  in 
st iK ft!  somo  poitions  ot  tlm  siihutatlo  hail  a  ’  1 
to  ’«  m  tint  k  nmltotl  smtaio  Iayt'i  til  oiuanit 
silt  I  Im  snltm  loam  was  applmd  on  this  stnpptnl 
anil  pathally  thawoil  sulistiato  llm  Inuh 
inoistiiio  1  ontont  ol  tlm  smtaio  hail  no  1111 
mothato  notit  oahlo  advotso  ottot  ts  on  tlm  ap 
pin  ation  ot  tho  loam  Mso  no  ililtn  ulty  was  on 
1  omit 01  t'd  tlmmu  tilt'  applii  ation  ol  tho  nmltod 
snltm  smtato  tmatumiit  to  tin'  watm  tii.im  patl 
Mtlnniuh  no  thornun  otiplo  loatlinu'  won'  takon 
tlmmu  toaminu  0  was  dotoiniinod  that  tlm  thaw 
lino  tlul\not  toat  h  tlm  tin  dopth  toi  todays 

I  ho  10.it  toi  ami  otlioi  t't|ti if iiui'iit  oporatod 
sin  1  ossiully  m  this  t'ny  ironnit'iit  althoiiuh  somo 
moistmo  that  hail  t  ollt't  toil  in  tho  it'at  toi  tlmmu 
ysiiitoi  stoiauo  at  tho  silt'  had  to  In'  oyapoiatod 

TRAITIC  TESTING  AND 
TEST  PAD  OBSERY  A1IONS 

Ihowookly  ii'.itlinu'  ot  tho  (ht'initn  otiplos  m 
stallod  within  ami  Imlow  tlm  tost  pads  woio  iist'tl 
to  iniln  ato  tin'  lato  and  dopth  ot  thaw  mu  and 
lioo/mu  t't  (In'  at  two  soil  layoi  Olwoiy  atnnis 
wt'io  dist  ontiniit'il  tlmmu  I  ho  wmtoi  wlion  tho 
at  two  layoi  hot  amo  totio/on  to  tlm  dopth  t't  tho 
dt'opost  tht'imoi  otiplo  I  lutin''  I.’  anti  tt  show 
tompoiatmo  tmvos  111  tlm  mstilalitni  and 
suhuiatlo  lot  tho  Oi  tolmi  1't'O  and  May  1't'l 
pads  it'spoitwoly  I  lumos  14  anti  IS  show  mu 
t.uo  anti  poimatiost  oloyations  and  1  ahlo  III 


liKini'  I /hi'tmnt  in/p/«' .tssom/i/y  ft’.it/mu' m  stn  fnni  1/ t/rntnu  Mt'l 
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Figure  14.  Surface  and  permafrost  elevations  of  section  d. 


gives  the  maximum  thaw  depths  under  the  pads 
during  1971  Figure  16  presents  the  freezing  and 
thawing  indices  for  the  1970  winter  and  1971 
summer,  and  Figure  17  shows  the  plan  of  the 
thermocouple  assembly  in  an  undisturbed  area. 
Assembly  13  in  Figure  17  is  a  control  thermocou¬ 
ple  assembly  installed  at  an  undisturbed  site 
near  the  Expedient  Road  Test  Sections.’ 


The  natural  surface  insulating  qualities  of  the 
area  and  those  provided  by  sulfur  foam  can  be 
compared  by  referring  to  Figures  14,  15  and  18 
Figures  14  and  1 5  show  maximum  thaw  depths  of 
2  to  3  ft  beneath  the  sulfur  foam  pads  Figure  18 
shows  the  ground  temperatures  at  this  site  dur¬ 
ing  1971  and  the  maximum  thaw  depth  for  the 
year  of  3  0  ft  which  occurred  in  August  During 
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figure  IS.  Surface  and  permafrost  elevations  of  section  e. 


figure  lb.  Air  freezing  and  thawing  indices  for  fairbanks.  Alaska 
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figure  17.  Thermocouple  assembly  in  undisturbed  area 


the  early  part  of  M,iv  1971,  the  sulfur  foam  pad 
was  subjected  to  toot  traffic  and  snow  clearing 
equipment  operations  Those  operations  caused 
some  minor  compressive  and  flexural  failures 
which  allowed  infiltration  of  meltwater  during 
spring  thawing  It  later  adversely  affected  the 
performance  of  the  test  sections  under  vehicular 
traffic 

A  static  load  test  (location  shown  in  Fig  2)  on 
the  October  1970  pad  for  the  1970-1971  winter 


resulted  in  some  compressive  failure  although 
the  test  was  accidentally  tipped  over  late  in  the 
winter  by  snowmobile  trattic  Additional 
damage  was  caused  by  the  tailing  weights 
Some  foot  traffic  also  occurred  on  the  newly 
installed  May  197f  sulfur  foam  pad  before 
MOMAT  (a  fiberglass  reinforced  plastic  mat) 
was  placed  over  both  pads  and  the  vehicular 
traffic  was  started  on  21  May  1971  At  that  time 
a  20  ton  wrecker  and  a  tractor  trailer  rig  were 
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TsrupsiOlur*.  F 


Table  III.  Thaw  factors  and  maximum  thaw  for  sulfur  foam  in  Fair¬ 
banks. 


foam  thickness  Maximum  thaw  depth* 


Range 

Avg 

l  ocafion 

depth  t 

to, am  pad 

tint 

tin.) 

lute 

(station) 

tin  ) 

Oct  1970  Sultur 

2lVb7 

4  2 

10  Aug  71 

2  +  IS 

20  b 

b  tt  light  of  \ 

Oct  1970  Sultur 

10  Aug  71 

21  IS 

21 S 

1  It  light  ot  ( 

Oct  1970  Sultur 

10  Aug  71 

2  +  IS  ( 

20  7 

Mav  1971  Sulfur  (IP-0 

2  fed  5 

49 

11  Sept  71 

2 1  41  S 

100 

1  It  lei t  ot 

May  1971  Sultur  (P  I) 

11  Sept  71 

2+  SO 

11 0 

b  ft  left  of  \ 

Mav  1971  Sultur  (IP  0 

11  Sept  71 

1  +  so  v 

27  0 

‘Obtained  dining  1971  tiom  thermocouples  beneath  sulfur  pads 
tOepth  below  original  surface  elevation 
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I  idlin'  /**  Section  e  .liter  litiht  ti.ittn  on  MOM  A/ 

XUIfUl  I' 


I  inure  JO  Condition  ot  soi  tion  d  .liter  tight  ti.ittn 
on  MOMAf  surt.ue  tune  I't'l 


I  inure  7  1  Condition  ot  so(  lion  e  .ittei  linl't  ti.ittn 
r>n  MOM  A  /  surt.u  e  lime  tK>'l 


driven  over  the  sei turns  i  ausing  modoiate 
damage  llii'  Oi  tuber  1*>70  pad  involved  mine 
damage  One  to  1 1 •»  weakened  i  onditinn  tiom  the 
spring  melt  am)  the  highlv  flexible  tindnilving 
vegetative  mat  Some  additional  sedan  and 
i  an\  all  tvi’e  ti.ittn  ttaveised  the  pads  dining 
the  remainder  ot  Ma\  l**~l  and  eailv  lime  I**'! 
In  August  1**71  the  MOMAI  was  lemoved  toi 
another  use  and  rnpl.ued  with  \M  Id  landing 
mat  Oi  i  asional  light  ti.ittn  use  lonti trued 
along  with  several  trips  with  the  70  ton  wreikei 
and  a  loaded  test  i  art  used  on  the  adi.n  ent 
toamed  in  (ilai  e  polv urethane  airfield  test  set 
lion  No  rigorous  ti.ittn  king  si  liedule  was 
followed  in  evaluating  the  siiltui  loam  pads  I  he 
observations  made  during  and  alter  the  I*1'! 
thaw  season  indu  ated  that  as  ,ui  evpedient  mat 
i  ov ered  insulation  the  pads  prov  ided  mm  It  less 
load  support  than  the  polv  methane  set  lions 


pteviouslv  and  >  oin  iinentlv  tested  lie;  !'•  .’0 

211 

Mill)  SAMI’IINt.  ANl)  IIMIMRAllkl 
Rl  ADINt.N  111 1  KIND  POIKIM, 

Dining  the  ilitobei  l*> '0  loam  pl.n  emotil 
two  samples  weie  i  ill  tiom  the  leai  sei  lion  ot 
the  pad  as  shown  in  I  iguie  toi  densitv 

measuiements  and  tmthei  laboiatoiv  testmg 
I  liese  samples  had  densities  in  the  tango  ot  l  .  to 
(Dili  It'  Also  p.uts  ot  tom  bati  lies  weie  toam 
ed  into  sepal. ito  <  aidbo.ud  i  I'litameis  and  tests 
on  se«  lions  ot  these  samples  gave  densities  m 
the  t!  to  Itl  lb  tt 1  range 

I  heimoi  owple  leadings  note  taken  dm  mg  t  tie 
linal  stage  ot  toam  applu  ation  in  i't  tobei  1" 
the  giaplis  shown  in  I  igmes  .’1  and  1  a  e 


s l(  tai  foam  i  ut  ttom  m'i  turn  it 


t\|)u.\l  Inno  ti'inpi'iatini'  i  ui'i''  ''it  Inn  and 
tu-lo"  tlio  Oi  tolu'i  l't*0  suit m  li'.im  I'.ul  I  Iii'm' 
ii'.uimu'  duimu  (he  uppln  upon  >>1 

dtp  l.t't  l.upr  ot  loam  to  llir  pad  .in it  liming  tin1 
'iil"piiupnt  loolmu  ppnod  lht'\  'lion  dm 
t'vl  pttpi  I  ot  iniis  ti'inpi'iatini''  duo  to  (In' 
ui'iilatmu  nualitiP'  ot  (In-  lo.im  "lion  llioltpn 
loam  .i(  ..’SO''  .'(•(>''1  u.i'  appln'd  to  till'  'Ult.UP 
1  iki'wiM'  tlip'  al'O  'tio"  (In-  dola'i'd  I'lli'it  i’1 


hi'.it  li>"  to  tin'  l.’°l  Miliar, nil-  am)  tin'  'liulitk 
i  oldi'i  .imlni'iit  an  \  i  Iom*  I'sdm.ili’  oi  tlio  dioi 
m.il  i  oiuUn  ti\  il\  ot  (hi'  to.im  pad  di.it  w.iv 
1'iHiti'i)  m  Oi  tolu'i  I 'I'd  i  an  ho  obt.iini'd  li\  m.ik 
mu  i  .ili  iil.itiini\  ini  dii'  i  imlidu  t'.itt  i>i  tin' 
i  iiim">  i  i'  dii'  poition  tli.it  in  i  ui'  .itti'i  lii'.it  in 
put  li.iv  n'.iM'i)  tin’  to.im  lias  'olulitu'd  ,inil  tlio 
i  in'  i''  li.iv  i'  I'l'unn  to  i  on\  i'iu»'  into  a  'inootli  ai 
t .iv  I  In'  tolloiMiiu  tinii'talilo  indnati''  tin* 
MUmlii  am  «>  ot  p.n  li  ol  dip  nine  '«■('  ol  rp.tdmu' 

I'll  till''!'  I  HIM'' 

I  Oitoln'i  l‘»'0 

O'HXl  It.i'i'  ii'.uimu  v lnl\  l  It  1  l  li'.nl  ovpo'pd 
IJ10  No  ii'.uimu  I  oaniinu 't.uti'vl 
t .’ tp  Ki'.uimu  S  niinuti''  attor  loam 
i  ov  pi  pi!  '  }t  I  '  load 


I  .’40  Ki'.uimu 
!  UIS  Ki'.uimu 
I  DO  No  ii'.uimu 

t  140  Ki'.uimu 


t  ll  >  Ki'.uimu 


I  Inn  to.im  .nidi'll  al'O'i'  I  ' 

.I'M'llllll'  l 

S  niinuti''  attor  in.iviniuni 
'in t .u  i'  ti'inpi'i  atuu'  ii'i  old 
od 


.■>  •  v 


\  .  I  I  l  ‘  »  l  ‘ 

v  4S  ««4  ?V 


4  4  «'v' 


t  iu’iiu'  ’  i  oo  ’u  i  uni''  ot  m'i  tn*n  it  thorium  oiip/i'  ,i"«vii{i/\  W 


Table  IV.  Properties  of  sulfur  foam. 


ASFM 

Density 

fesr 

no 

Value 

llb.lt') 

Source  of  material 

Water  absorption 

D2B42 

27  3  (volume  %) 

34  3 

Oct  70  foam  pad 

25  9 

2b  3 

Oct  70  foamed  in  box 

22  9 

3b  7 

Oct  70  foam  pad 

7  90 

22  b 

May  71  foam  pad 

7  48 

22  9 

May  71  foam  pad 

5  7b 

21  3 

May  71  foam  pad 

Field  (  BR 

tb  (%  at  2  *n  ) 

3b 

Oct  70  foam  pad 

(Sta  2  4  30.  1  5  ft  right  of  ^) 

12 

32 

Oct  70  foam  pad 
(Sta  2  4-  30.  6  left  of  £) 

Compressive  strength 

D1b21 

28  0  (Ibf/in  ') 

12  8 

Oct  70  foamed  in  box 

29  2 

19  2 

Oct  70  foamed  in  box 

23  5 

19  5 

Oct  70  foamed  in  box 

7b 

20  0 

Oct  70  foamed  in  box 

102  7 

20  7 

Oct  70  foamed  in  box 

41  4 

21  7 

Oct  70  foamed  in  box 

4b  7 

22  7 

Oct  70  foamed  in  box 

52  5 

23  1 

Oct  70  foamed  in  box 

89  0 

23  8 

Oct  70  foamed  in  box 

b2  8 

24  7 

Oct  70  foamed  in  box 

18  1 

24  8 

Oct  70  foamed  in  box 

123  4 

34  2 

Oct  70  foam  pad 

92  3 

35  5 

Oct  70  foam  pad 

91  1 

37  5 

Oct  70  foam  pad 

145  0 

38  2 

Oct  70  foam  pad 

bl  0 

17b 

May  71  foam  pad 

32  3 

19b 

May  71  foam  pad 

44  6 

20  b 

May  71  foam  pad 

51  2 

21  9 

May  71  foam  pad 

58  0 

2b  1 

May  71  foam  pad 

24  5 

20  8 

Mar  71  SVVRI  sample 

21  2 

21  5* 

Mar  71  SWRI  sample 

22  4 

131 

Mar  71  SWRI  sample 

24  5 

13  5t 

Mar  71  SWRI  sample 

Compressive  strength 

D1b21 

47  2  (Ibf/in  ') 

27  4tt 

Oct  70  foamed  in  box 

(before  and  after 

3b  1 

31  9*** 

Oct  70  foamed  in  box 

water  absorption)*  * 

44  6 

20  Ott 

May  71  foam  pad 

42  3 

22  2"* 

May  71  foam  pad 

Compressive  strength 

D1b21 

123  4 

34  2tt 

Oct  70  foam  pad 

(before  and  after 

81  8 

48b"* 

Oct  70  foam  pad 

free/e  thaw  test)ttt 

145  0 

38  2 tt 

Oct  70  foam  pad 

49  7 

51  1*" 

Oct  70  foam  pad 

87  2 

21  7tt 

May  71  foam  pad 

92  9 

309*" 

May  71  foam  pad 

89  1 

21  8tt 

May  71  foam  pad 

4b  7 

34  6*** 

May  71  foam  pad 

Freeze  thaw 

C291 

7  (cycles  before  failure) 

34  3 

Oct  70  foam  pad 

4 

3b  7 

Oct  70  foam  pad 

5 

22  b 

May  71  foam  pad 

11 

22  9 

May  71  foam  pad 

Density  (after  water 

D1b22 

53  8  (Ib/ft'l 

3b  7tt 

Oct  70  foam  pad 

absorption) 

50  3 

34  3tt 

Oct  70  foam  pad 

45  b 

2b  3tt 

Oct  70  foamed  in  box 

28  8 

21  3tt 

May  71  foam  pad 

34  b 

22  btt 

May  71  foam  pad 

31  2 

22  9tt 

May  71  foam  pad 

*5%  LP  3 
IP  > 

"Paired  samples  (cut  from  same  piece) 
ttBefore  testing 

*** After  testing 

tttPairecf  samples  — cycled  between  25#F  and  72°F 
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figure  24  Cooling  curves  of  section  d  thermocouple  Assembly  t 


1  MV  No  reading  I  hin  foam  added  over  most 
U>45  Reading  of  the  pad 

2  October  ) ‘170 
OflJS  final  reading 

1  he  period  from  lt>4S  hours  on  1  October  until 
the  next  morning  is  believed  to  be  suitable  tor 
sin  h  a  calculation  Although  the  first  and  last 
readings  are  not  joined  graphicallv  with  the  rest 
ot  the  curves,  it  can  be  assumed  that  the  early 
set  of  readings  |Oins  the  graphs  via  straight  lines 
until  the  time  ot  foaming  and  that  the  last  set  ot 
readings  |oins  the  graph  by  smooth  i  urves  ot  in 
i  reaving  negative  slope  1  his  i  an  be  lustified  by 
the  tact  that  the  air  temperature  during  the 
period  under  consideration  remained  nearly  con 
stant 

A  thermal  conductivity  value  ot  approximate¬ 
ly  OS  Rtu  in, hr  ft1 2  °f  was  obtained  by  this 
method  tor  the  foam  with  an  average  density  ot 
IS  lb  ft’  Although  the  procedure  is  not  rigorous 
ly  exact  the  value  agrees  quite  favorably  with 
an  extrapolation  ot  SVVRIs  results  1 

Iwo  California  Bearing  Ratio  (CBR)  tests  were 
run  on  the  front  halt  ot  the  October  l ''70  pad 


liable  l\  I  1  hose  wore  performed  directly  on  the 
loam  surface  with  the  standard  CBR  equipment 
attai  hed  to  the  bin  ket  ot  a  small  trac  k  mounted 
trout  end  loader  Both  sites  showed  i  ircumteren 
tial  iiackmg  during  loading  induating  that  the 
foam  had  tailed  in  flexure  due  to  the  highly  tlexi 
ble  underlying  vegetative  mat 

LAB  TESTS  FOR  PHYSICAL  PROPERTIES 

Table  IV  contains  all  the  lab  test  results  tor 
the  various  samples  ot  sulfur  toani  tested  All 
density  measurements  were  made  on  \ 
2’iX4-in  samples 

I  here  were  three  distim  t  souri  es  ot  the  toam 
samples  the  most  important  tor  the  put  poses  ot 
this  report  were  those  from  the  two  test  sei  turns 
themselves  Samples  were  taken  directly  from 
the  pads  at  various  times  alter  the  toam  was 
poured  on  the  ground  and  had  solidified  A  sec 
ond  souri  e  was  one  ot  the  Oi  tuber  I '*'0  bate  lies 
troni  whu  h  poured  samples  were  taken  in  three 
wooden  boxes  The  boxes  were  then  packaged 
and  shipped  to  CRRI  l  in  Hanover  New  Hamp 
shire  The  third  source  was  the  S\ARI  laboratory 


IS 


at  San  Antonio,  lexas.  from  which  samples  were 
shipped  to  CRRt  l  tor  testing 

It  is  interesting  to  note  the  difference  in  den¬ 
sities  and  compressive  strengths  between  the 
October  1*170  foam  poured  in  several  layers  on 
the  ground  and  that  poured  in  a  single  layer  into 
wooden  hoses  at  the  same  ambient  air  tempera 
lure  1  he  foam  poured  into  the  hoses  had  a  den 
sit v  range  of  12  8  29  9  Ib/ft*  and  averaged  21  4 
lb  ft'  1  he  density  of  the  foam  pad.  however, 
ranged  from  10 0  ter  18  2  Ib/ft'  with  an  average 
value  of  ttr  1  lb  ft*  The  presence  of  moisture  on 
the  pour  surface  is  suspected  ter  have  cent 
tnhuted  ter  the  higher  densities  in  the  pad 
Variations  in  the  foams  were  studied  in  small 
samples  (less  than  2  in  cubical  shapes)  selei  ted 
t err  their  homogeneity  In  the  boxed  foam 
samples  as  light  as  10  7  and  114  Ib/ft 1  were 
found,  however,  there  were  many  dense  spots 
and  layers  in  the  foam,  accounting  tor  the  higher 
average*  density  mentioned  above* 

1  similar  cheek  was  made  on  the  foam  pad 
e  ontaimng  I  I’  1  poured  in  Mas  1971  Its  average 
density  was  21  t>  Ib/ft1  with  a  density  range  ot 
17  tr  to  2b  1  lb  It’  Some  small  samples  were 
selee  tee!  as  previously,  and  de'nsities  in  the  *<  to 
14  0  lb  ft1  range  were  found  1  he  density  figures 
alone*  indicate  the  large  variation  that  also  or 
e  urred  in  this  batch  ot  sulfur  foam  prepared  in 
Alaska,  although  better  low  density  control  is 
apparent  tor  the  May  1971  foam  than  tor  the*  Ot 
tober  1970  foam 

1  he*  e  onrpressive  strengths  of  these  loams 
were  determines!  in  accordance  with  AS1M  test 
no  l)1h21  using  the  load  at  a  deformation  ot 
10%  ot  the  original  sample  height  or  at  a  lesser 
deformation  it  the  maximum  load  occurred 
before  10%  deformation  1  he  maionty  of  the 
samples  tested  reached  a  maximum  strength 
value  before  10%  deformation  occurred  lower 
i  ompressive  strengths  tor  i  omparable  densities 
were  obtained  tor  the  samples  with  strengths 
tabulated  at  10%  deformation  1  hose  lower 
strengths  were  generally  indicative  ot  the 
heterogeneity  ot  the  foam 

I  he  compressive  strengths  of  the  mu  font \  ot 
samples  tested  were  in  the  2.1  to  hi  Ibt  m  1  range 
lor  19  to  2 S  lb  It1  foam  made  in  the  boxes  in  eh 
tober  1970  I  his  range  is  tor  the  densest  i  one  en 
tration  ot  the  data,  and  a  general  interpretation 
is  that  this  i y pe  ot  foam  with  densities  ot  19  and 
2S  Ibt  in  1  has  i  ompressive  strengths  of  21  to  29 
Ibt  in  ‘  an d  lb  to  70  Ibt, 'in  ',  respectively  A 


strength  vs  density  plot  ot  all  the  test  data  pro¬ 
duced  no  definitive  relationship  due  to  extreme 
si  atter 

A  similar  scatter  ot  the  compressive  strength 
and  density  data  was  noted  tor  the  I  f’  1  formula 
don  ot  May  1971  I  his  foam  had  a  concentration 
ot  densities  in  the  19  to  22-lb, It'  range  with 
strengths  in  the  12  to  SI  Ibt  in  •'  range  fewer 
compressive  strength  tests  were  run  on  pad 
samples  than  box  samples  from  the  October 
1970  pour,  but  those  run  on  samples  in  the  14  to 
18  If)  tt'  range  gave  compressive  strengths  rang 
mg  from  90  to  14S  Ibt  in  '  Representative  test 
data  tor  all  samples  are  presented  in  Table  IV 

1  he  water  absorption  tests  indicate  that  the 
1 1’  1  formulation  is  less  absorbent  than  the 
original  formulation  field  observations  ot  the 
Oc  tober  1970  pad  indicate  that  it  absorbed  a 
large  amount  ot  spring  meltwater  (during  May 
1971)  which  contributed  to  the*  poor  perform 
ante  of  the  pad  under  little  trattu  use  Com 
pressivo  strength  measurements  performed  alter 
the  water  abruption  tests  indicate  a  marked 
reduc  turn  m  strength  in  the  original  formulation, 
but  little  loss  ot  strength  in  the  IP  1  formulation 

A  similar  strength  reduction  occurred  atter 
free/e  thaw  tests  The  I  P  )  formulation  lasted 
through  more  cycles,  on  the  average,  than  the 
original  formulation  All  samples  spalled  to  a 
small  extent  and  typically  tailed  troni  thermally 
induced  stresses  Generally,  the  October  1970 
toam  hacf  a  substantial  reduc  noil  in  c  ompressive 
strength  atter  the  test  while  the  May  1971  loam 
retained  most  ot  its  strength 

1  hose  physic  al  property  tests  were  conducted 
over  a  period  ot  It*  months  atter  toanung  the*  Oi 
tobei  1970  original  formulation,  and  nine 
months  atter  the  May  1971  IP!  foaming 
Samples  that  were  brought  to  the  laboratory 
atter  each  field  trip  along  with  those  obtained 
from  the  pads  at  later  dates  were  stored  in  an  in 
sedated  room  at  temperatures  ot  40°  to  70°f 
bet  ore  testing  No  trend  in  the  loss  of  strength 
could  be  ascertained  over  tins  period  except  in 
the  i  axe  ot  samples  ttom  the  original  pads  that 
were  attec  ted  by  water  absorption  Strength  loss 
due  to  initial  c  reep.  pointed  out  by  Hale,1  would 
have  subsided  by  the  tune  the  tuxt  samples  were 
tested  and  the  large  variance  in  foam 
i  harac  teristic  x  i  ould  easily  mask  a  trend  ot  this 
sort 
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SULFUR  FOAM  ODOR  ANALYSIS 

The  chemical  reaction  in  the  production  of 
the  sulfur  foam  developed  by  SWRI  evolves 
hydrogen  sulfide  (H,S)  gas  which  acts  as  the  ex¬ 
panding  agent  Hydrogen  sulfide  is  a  toxic  gas 
and  handling  precautions  must  be  taken  during 
the  foaming  operation,  although  the  residual  gas 
in  the  foam  retains  a  questionable  toxicity  level 
The  foam  produced  in  Alaska  in  October  1970 
continued  to  have  the  very  disagreeable  odor  of 
H,S  after  19  months  It  is  reported  by  the  SWRI 
that  lower  density  foams  made  in  San  Antonio, 
previous  to  the  Alaskan  tests,  exhibited  low 
levels  of  HjS  emission  several  days  after  foam¬ 
ing  Since  the  gas  is  necessarily  present  during 
the  production  of  all  sulfur  foam  and  seems  to 
diminish  with  foam  age,  an  exchange  of  cell  gas 
with  ambient  air  must  occur,  possibly  at  a 
variable  rate  depending  on  density  Any  crack¬ 
ing  of  the  foam  cells  releases  H,S  and  when  the 
foam  is  wet,  as  at  the  site  in  Alaska,  the  intensity 
of  the  H,S  emission  seems  to  be  greatest 

During  the  strength  testing  of  the  foam 
samples  containing  LP  T,  it  was  noted  that  the 
H,S  odor  was  absent  or  possibly  masked  by  a 
new  odor  akin  to  the  polysulfide  polymer  used 
as  the  plastic i/er  Consequently,  a  number  of 
qualitative  chemical  analyses  on  various  foam 
samples  containing  LP  T  were  conducted  during 
the  period  from  April  1971  to  March  1972  For 
the  original  samples,  only  the  presence  or 
absence  of  H,S  gas  was  determined  More  com¬ 
plete  analyses  were  subsequently  made  on  other 
samples  with  variable  results,  some  samples  con¬ 
tained  H,S  and  others  did  not  A  Perkin-Elmer 
900  Gas  Chromatograph-Mass  Spectrometer 
system  was  used  for  these  analyses  * 

During  April  1971  the  first  foam  sample  con¬ 
taining  2'A  %  LP-T  (made  at  SWRI)  was  analyzed 
at  25°C  after  a  one  hour  equilibrium  period  of 
the  prepared  sample  No  detectable  level  of  H,S 
was  determined  in  the  sample  by  either  the  TIC 
(total  ion  current)  chromatogram  or  the  spec¬ 
trum 

In  November  1971  another  sample  was  tested 
for  the  presence  of  H,S  This  sample  had  been 
stored  at  CRRFL  since  its  removal  in  lune  1971 
from  the  May  1971  sulfur  foam  pad  containing 
1  Vi  %  LP-T  The  sample  was  analyzed  at  temper¬ 
atures  of  25°C  and  7S°  to  80°C  A  detectable 
amount  of  H,S  was  found  in  the  sample  at  25°C 
and  a  very  large  amount  was  measured  in  the 
sample  at  75°  to  80°C;  however,  the  latter  was 


attributed  to  the  breakdown  of  compounds  of 
higher  molecular  weight  during  heating 

During  the  storage  of  this  particular  sample 
some  high  H,S-content  sulfur  foam  had  in 
advertently  been  stored  nearby  In  order  to 
establish  whether  or  not  the  sample  had  ab¬ 
sorbed  a  significant  amount  of  H;S.  two  new 
samples  were  obtained  in  December  1971  One 
was  obtained  from  the  pad  foamed  in  May  1971 
in  Fairbanks,  the  other,  received  from  SWRI  was 
recently  made  with  a  2 '/i%  LP-T  content  The 
purpose  ot  this  analysis,  made  during  March 
1972,  was  to  determine  whether  H..S  was  present 
in  the  two  samples  and  to  identify  any  com¬ 
pounds  which  might  be  contributing  to  the-  odor 

Both  of  these  samples  were  analyzed  at  77°f 
in  the  same  manner  as  previously  used  1  he  first 
(the  Alaskan  sample)  showed  a  very  low  level  ot 
H,S,  but  a  very  high  level  of  an  unknown  com¬ 
pound  with  a  base  peak  (highest  peak)  at 
molecular  weight  (m  w  )  10b  of  (Fig  25)  The  sec¬ 
ond  sample  (the  more  recently  foamed  one) 
showed  a  much  higher  level  of  H..S,  some  SO;, 
and  the  same  unknown  compound  with  the  base 
peak  at  m  w  10b  This  new  Alaskan  sample  con¬ 
tained  a  small  amount  ot  moisture  whic  h  did  not 
seem  to  have  any  effect  on  the  H.S  level 

A  plausible  explanation  for  the  different 
levels  of  F1,S  measured  in  the  various  samples 
can  be  attributed  to  the1  method  of  formation  of 
the  foam  Each  sample  was  taken  from  a 
separate  mixture  or  batch,  and  consequently 
each  sample  was  separate  and  distinct  from  all 
others,  with  the  amounts  of  H.S  varying  in  each 
batch  This  would  account  for  the  fact  that  H.S 
was  not  detected  in  the  first  sample  analyzed  in 
April  of  1971  In  the  most  recent  analysis,  the 
older  of  the  two  samples  was  shown  to  have  very 
little  HjS  while  the  other  sample  had  much 
more 

The  unknown  compound  with  the  base  or 
highest  peak  of  m  w  10b  seems  to  be  a  result  ot 
the  breakdown  of  the  m  w  1000  polymer. 
Thiokol  LP-T  (-S.CHjCHjOCHjOCHjCHjS.-,  x  = 
4)  used  in  the  formulation  Its  mass  spectrum 
(f  ig  25)  indicates  that  the  unknown  compound  is 
probably  either  C,H,S,  or  C,H*SO,  It  is  thought 
that  C,H,S,.  somewhat  in  the  form  of  HS-CH..-S- 
CH  —  CH,,  is  the  more  likely  compound,  but  the 
C.H^SOj  form  cannot  be  ruled  out  Both  com¬ 
pounds  result  from  a  breakdown  ot  the  polymer 
LP-T  Compounds  of  lesser  amounts  also  exist 
but  these  seem  to  be  isomers  ot  the  unknown 
m  w  10b  compound 
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figure  2 5.  Mass  spectra  for  unknown  gas  of  molecular  weight  Wb 


The  toxicity  of  the  unidentified  compound  of 
m  w  10b  is  unknown  at  present  Some  nause¬ 
ating  odors  were  produced  in  closed  quarters  by 
the  last  sample  obtained  from  the  SWKI,  an 
analysis  showed  that  the  sample  also  contained 
a  significant  level  of  H,S  An  effort  should  be 
made  to  accurately  identify  the  m  w  10b  com¬ 
pound  and  determine  its  toxicity  if  LP-3  is  to  be 
used  in  the  foam  formulation 

INSULATION  COSTS 

Raw  material  costs  for  sulfur  foam  are 
published  in  the  final  report'  written  by  SWRI  on 
the  associated  research  contract  T  hese  costs  are 
based  on  the  production  of  a  1 5-lb/ft ’  foam  The 
October  1970  foam  produced  in  Alaska  had  an 
average  density  of  35  lb/ft'  The  cost,  therefore, 
for  a  similarly  produced  foam  would  be  larger 


by  a  factor  of  2'/i  In  addition,  the  relative  cost 
of  this  foam  would  be  increased  by  a  factor  of 
1  'A  when  the  poorer  thermal  protection  of  this 
35  lb/ft 1  foam  is  considered  A  linear  extrapola¬ 
tion  of  a  graph  in  SWRI's  report'  yields  a  K- 
factor  of  0  54  for  35-lb/ft '  sulfur  foam  This  value 
was  also  approximated  from  the  cooling  curves 
of  sulfur  foam  shown  in  Figures  23  and  24  I  hus 
the  tost  per  10-ft  square  (100  ft-),  as  shown  in 
Table  II  of  the  SWRI  report,  would  be  greater 
than  that  for  the  other  foams  because  of  the 
greater  quantity  required  tor  thermal  protection 
Even  if  the  foam  could  be  produced  at  $  01b  lb. 
as  suggested  in  the  SWRI  report  by  using  less  ex 
pensive  ingredients,  the  lack  ot  density  control 
in  the  field  during  batch  application  would  re¬ 
sult  in  the  sulfur  foam  material  costing  nearly  as 
much  as  the  polystyrene 

1  he  addition  ot  the  1  hiokol  I  P- 1  plastic  i/er,  to 
increase  the  foam's  flexural  strength  at  a  cost  ot 
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Table  V.  Cost  data  for  varying  amounts  of  LP-3. 


CPI 

additive 

l%l 

Parts  by 
vsemht 
Ub) 

Cost 

U) 

Material 

cost 

l$/lb) 

Material 

LOSt 

l$/ftl) 

Material 

cost 

1  i/square)* 

0 

121  2S 

1  68 

0  0 10 1 

0  4SS 

10  50 

1 

122  25 

4  48 

0  0Jb7 

0  540 

12  59 

1  5 

122  7S 

4  8b 

0  0 19b 

0  594 

13  85 

1  85 

12  )  ID 

5  lb 

0  0419 

0  b28 

14  b7 

2 

121  2S 

5  28 

0  0428 

0  (>4  1 

15(H) 

1 

124  25 

b  08 

0  0489 

0  710 

17  05 

•Square  =  1(H)  ft' 

Note  Cost  data  are  tor  1472 


$0  80/lb  in  the  May  1971  test,  is  relatively  expen¬ 
sive  Referring  again  to  the  relative  costs  of  the 
foams  in  SWRI's  final  report,  the  addition  of  LP-3 
in  various  percentages  to  increase  flexural 
strength  with  no  reduction  in  the  compressive 
strength  or  thermal  protection  would  result  in 
the  costs  shown  in  Table  V 

LP-3  additive  exceeding  185%  by  weight 
gives  the  sulfur  foam  a  greater  cost  per  square 
(100  ft'')  than  that  of  polyurethane  (@  $14  70), 
and  the  cost  of  polystyrene  is  exceeded  with  less 
than  1%  LP-3.  The  May  1971  foam  installed  in 
Alaska  had  a  minimum  of  1  Vi  %  LP-3.  In  addi¬ 
tion,  the  21  6-lb/ft1  average  density  of  the  install¬ 
ed  foam  would  raise  the  relative  sulfur  cost 
above  that  indicated  by  the  SWKI  for  15-lbf/fM 
foam 


LAB  EXPERIMENTS  WITH 
SULFUR  FOAM 

During  the  course  of  the  sulfur  foam  <  ontrac  t 
with  SWRI,  a  limited  lab  program  at  CRKI  l  in 
volving  sulfur  foam  experimentation  was  in¬ 
itiated  This  program  was  deemed  necessary  to 
gain  some  first-hand  experience  with  the 
mechanism  involved  in  the  production  of  foam¬ 
ed  sulfur  Such  information  would  give  a  better 
understanding  of  the  foaming  process,  which 
hopefully  would  lead  to  simplification  and 
possible  improvement  in  the  produi  tion  process 
and  the  foam  physical  properties  I  wo  objec¬ 
tives  received  the  most  attention  The  first  was 
to  determine  which  gases,  and  what  quantities  of 
each,  would  dissolve  in  molten  sulfur  The  sec¬ 
ond  objective  was  to  investigate  the  possibility 
of  making  simplifications  in  the  original  lor 
mulation  or  finding  more  desirable  components 
to  foam  the  sulfur 


I  he  replacement  of  H,S,  with  its  toxicity  and 
stenc  h,  by  some  other  blowing  agent  was  a  high 
priority  objective  of  these  studies  I  he-  simplest 
approach  was  to  attempt  to  find  which  gases  (or 
liquids  in  the  gaseous  state)  would  dissolve  in 
molten  sulfur  at  temperatures  greater  tha#i 
112°C.  These  compounds  would  be  dissolved  in 
the  molten  sulfur  under  pressure  and  would  ex¬ 
pand  the  mixture  u|>on  exposure  to  atmospheric 
pressure.  I  he1  internal  reactor  iiressure  necessary 
to  expel  the  liquid  would  confine  the  gas  within 
the  liquid  sulfur  until  expulsion  occurred  Such  a 
gas  substitution  would  eliminate  the1  need  for  a 
c  hemic al  reaction  to  produce  the  blowing  agent 
I  he  produc  tion  of  a  less  toxic  gas  than  HjS  in  the 
sulfur  mixture  from  an  additional  or  different 
chemical  reaction  is  possible,  but  would  prob¬ 
ably  complicate  the-  formulation  further. 
Likewise,  the  mechanical  addition  of  a  blowing 
agent  by  high-speed  mixing  has  the  drawback  of 
requiring  additives  to  increase  bubble  film 
strength  Consequently,  emphasis  was  placed  on 
dissolving  a  gas  in  liquid  sulfur 

A  1000-ntl  pressure  vessel  (Parr  Instrument  Co 
Model  4511)  was  used  for  the  solubility  tests  and 
for  conducting  some  of  the  simpler  chemical 
reactions  Considerable  modification  of  the 
vessel  was  required  for  injecting  gases  and 
liquids  and  for  the  expulsion  of  the  sulfur  foam 
A  600-g  c  harge  of  sulfur  was  used  in  the  majority 
of  the  experiments,  leaving  665  ml  of  free  space 
tor  pressurizing  All  solubility  tests  were  made  in 
liquid  elemental  sulfur  in  the  temperature  range 
of  120°  to  172°C,  most  being  conducted  at 
14()°C  The  following  significant  observations 
wore  made 

1  Air  and  carbon  dioxide  (CO,)  seem  com¬ 
pletely  insoluble  without  an  additive 

2  Freon  12  (CCl^F,),  freon  C-318  (C,F„),  and 
sulfur  hexatluoride  (SF,.)  appear  to  have  little  if 
any  solubility 

3  Carbon  tetrachloride  (CCl«),  chloroform 
(CHCI ,).  methylene  c  hloride  (CHjCIj),  and  methyl 
chloride  (CM, Cl)  all  have  more  solubility 

4  No  chemii  al  reaction  occurred  between  the 
preceding  substances  and  the  sulfur 

5  Sultur  will  react  with  simple  hydrocarbons 
to  produc  e  H  ,.S 

Table  VI  lists  the  tested  substances  that  have 
some  solubility  in  liquid  sulfur  plus  a  number  of 
others  which  could  be  substituted  for  the  pres¬ 
ent  M  S  blow  mg  agent  I  hi1  absolute  solubility  of 
these  substanc  es  in  molten  sulfur  is  unknown  at 
present,  as  is  their  solubility  in  the  reacted 


Table  VI.  Relative  amounts  o(  potential  sulfur  foaming  agents 
required  to  produce  a  12-lbf/ft'  foam.* 


Substance 

(lb) 

Liquid 

density 

IX  cm*) 

Hoi/  point 
j  t  1  atmos 

l°C) 

Molecular 
w  eixbt 

Heat  ol 
vjpon/titioni 

CCI, 

1  4 

1  59 

76  5 

154 

46  4 

CHCl, 

2  b 

1  48 

61  7 

119 

59  0 

CHjCt, 

1  9 

1  33 

40 

85 

78  6 

CH.tl 

1  1 

24 

50  5 

f  rt*  on  1 1 

1  0 

1  47 

23  8 

1  17 

410 

1  reon  1 2 

2  7 

Kds 

29  8 

121 

19  5 

f  reon  1 .1 

l  1 

K«»s 

81 

104 

15  5 

Freon  21 

2  1 

1  17 

8  9 

101 

57  9 

freon  22 

\  8 

H‘'S 

40  8 

80 

55  8 

1  reon  1 1 4 

1  8 

1  46 

1  8 

171 

12  5 

freon  5(H)*' 

(3) 

Kdv 

13  5 

•• 

Freon  502 tt 

(2  5) 

Kds 

45  6 

ft 

42  5 

*  Contained  in  ,i  kettle  ot  molten  sulfur  under  pressure  10  it'  ot  jj.is  in  100  lb  of 
sulfur  tit  1 12°C  and  1  atmosphere 

tBtu/lb  °f 

*  ‘Azeotrope  74  wt  %  Freon  12.  26%  Ireon  152 
ft  Azeotrope  49  wt  %  Freon  22.  r»l%  Freon  IIS 


polymeric  mixture  I  he  table  also  shows  the 
minimum  amount  of  each  gas,  it  full  expansion 
at  112°C  is  realized,  that  must  be  contained 
within  the  foam  to  produce  a  1 2-lb/ft'  foam 

I  he  second  objective  of  the  lab  program  —  in¬ 
vestigating  the  possibilities  of  simplifying 
the  standard  SWRI  foam  formulation  —  was 
prompted  by  some  skepticism  about  the  necessi¬ 
ty  of  reacting  live  ingredients  with  sulfur  to  pro¬ 
duce  the  toam  If  sulfur  foam  could  be  produced 
from  fewer  ingredients,  product  uniformity 
would  probably  be  easier  to  achieve 

Another  aspect  of  this  second  objective  was 
the  possibility  of  finding  more  desirable  com¬ 
ponents  than  some  of  those  currently  used 
Since  no  change  in  formulation  was  immediately 
evident,  basic  experimentation  was  condui  ted 
to  characterize  the  foam  process 

The  interaction  ot  1,5-cyclooctadiene  with 
phosphorus  pentasulfide  (l\Sd  and  the  molten 
sulfur  is  apparently  a  polymerization  process 
whuh  produces,  plasticizes  and  strengthens  the 
resinous  substanie  ot  undefined  chemical  com¬ 
position  whu  h  is  the  basis  of  the  foam  I  he  rear 
tion  of  phosphoric  a<  id  with  this  substance 
evolves  hydrogen  sulfide  whn  h  expands  the  mix 
ture  into  a  foam 

fxperiments  indicate  that  squalene,  a  compo¬ 
nent  of  shark  liver  oil,  is  a  possible  replacement 
for  the  1,5-cyclooctadiene,  although  the  re¬ 
action  product  of  squalene  and  l’,S,  probably 


has  limited  solubility  in  liquid  sulfur  Other 
substances,  sue  h  as  nylon,  polyethylene  and 
polystyrene,  were  tried  as  possible  placticizmg 
agents,  but  results  were  negative  because  of 
their  insolubility  in  liquid  sulfur  Ditert-nonyl 
polysulfide  forms  an  emulsion  in  liquid  sulfur 
and  appears  to  dissolve  a  sizable  amount  I  his 
yellow  liquid  is  a  possible  substitute  for  the 
tricresyl  phosphate 

Inefficient  laboratory  dm  ting  of  odors  re¬ 
leased  from  some  ot  the  chemicals  used  in  these 
experiments  c  aused  an  extended  postponement 
ot  further  experimental  work  At  th.it  time  the* 
following  work  was  tentatively  planned 

1  Additional  tests  of  foaming  agents  to  in¬ 
clude  quantitative  analyses  of  their  solubility  in 
liquid  sulfur 

2  Continued  partial  reactions  of  SWKI's  foam 
c  omponents  to  find  likely  c  hemical  substitutions 
tor  simplifications  ot  their  formulation 

f  Test  tube  evaluations  of  chemically 
modified  1,5-cyclooctadiene  and  squalene  as 
toughening  agents,  and  subsequently  utilizing 
these  produc  ts  to  produce  a  foam 

CONCLUSIONS 

I  he  sulfur  foam  did  not  tunc  tion  satistac  tonly 
as  an  expedient  road  insulation  because  ot  its 
low  tensile  strength  and  high  brittleness 


20 


I  In*  bati  li  pun  fss  ot  loam  ptoiltn  turn  h'nuIin 
in  hi>>hl\  Ilf Ifio^f ni'inis  lo.im  tilth  ifipfi  t  to 
ili'nsitv  «>\|if(  i.ill\  it  moisturf  in  prcsonl  on  the 
Mihstratf  Mirl.uf  when  pomim;  tlif  to.uu 

VV.itfi  .ilisorption  in  .in  import.ini  loiiNidfia 
lion  ilfNfrvmn  .itlfiition  .mil  VN.itfipioot 
lO.itin^s  slioiilil  lif  iiufsti^;. itfil 

I  lu>  iiiNiil.il inn  N.iliif  ol  (lif  tiflil  Ii.iii  li  Niillut 

lo.im  in  about  oiif  halt  that  ol  fxtrudfd 
pol\  n|\  if  in-  ami  mill  an\  ivalfi  aliNoiption  it 

lll'l  Ollll'N  fit'll  IVllINt' 

1  hi-  II. s  loamniK  aui'iit*  in  Itiuhli  iinilfNirahlf 
anil  piohahli  prollihitN  ilif  uni>  ol  (lif  loam 
11 1 1 lii mt  an  impf rnif.ihlf  suit, no  i  nattily  in 
Im  i  It  1 1  n^  i  oiinIiui  lion 


LITERATURE  CITED 

1  P.ilo  I  .inti  \  l  mlwin  p*»EO  riop.u.ition  ol  low  donsit\ 
Millur  Yo.im  i  KKI  I  I  ot  him  .lI  h’opoi  t  .’On  NPutilMS 
•  P.ilo  I  .uul  \  I  ndw  ik  l  ln\ t'sli^.ilion  ol  liKhlwi'i^ht 

sliIIlii  loam  loi  List*  in  hold  ,tpplu  .ttioiis  l  KKI  I 
lothim.il  Kopoit  22  '  \P  (i‘l«4(il 
l  P.ilo  I  .md  -\  l  ndw  i>j  p‘>  V)  L  old  lotions  .tppht  .itions  toi 
siillm  to.un  I  in.il  Kopoit  lot  l  ontr.it  (  no  I  >  \i  \ 
M‘»  ’I  L  IMP1*  to  (  KKI  I  lunpuhlishml) 

4  K.ivmnnt  Ml  I'  lo.im  insnl.ition  Now  linos  lot 

'Lilt in  \  ol  hnolonN  Soul's  No  I  Sulltii  Povolopmotil 
Institnto  ot  L  .in, iii, l 

5  Smith  N  K  lloitf  ,ind  l  MliIIoi  (1*P‘d  I  o. tim'd  in  pl.u  o 

pol\ tnoth.ino  insLil.itt'd  ti.ittn  t «*n t  iot  turns  lot  oxpotli 
ont  ro.ids  l  KKI  l  lt'thim.il  Kopoit  2i*2  \P  \01.'nr» 
u  O  Kiollv  VN  Woik  on  stilt  lii  to, nn  odoi  .in.iksis 

wntloi  l*i tt|Ot  t  4  \l>t*.’l  l.’Mt‘»4  t.isk  t>;  wotk  unit  001 
L  KKI  I  PI  il.ltod  1  I  LI  l\  I't*.’  tlinpuhhslu'dl 


‘Koso.iith  «  oiuIlm  tod  h\  tho  i  ho v  ton  Koso.iit  h  lomp,in\* 
sin*  i*  thoso  tosts  h,is  sin  l  ossl Lilly  ropl.it  oil  tho  M  s  with  L  t  V 
•is  tho  Mowing  .t^ont 


A  facsimile  catalog  card  in  Library  of  Congress  MARC 
format  is  reproduced  below. 


Smith,  North 

Insulating  and  load-supporting  properties  of  sulfur 
foam  for  expedient  roads  in  cold  regions  /  by  North 
Smith  and  Daniel  A.  Pazsint.  Hanover,  N.H.:  U.S.  Cold 
Regions  Research  and  Engineering  Laboratory;  Spring- 
field,  Va.:  available  from  National  Technical  Infor¬ 
mation  Service,  1979. 

v,  26  p.,  illus.;  27  cm.  (  CRREL  Report  79-18.  ) 

Prepared  for  Directorate  of  Military  Programs  - 
Office,  Chief  of  Engineers  by  Corps  of  Engineers, 

U.S.  Army  Cold  Regions  Research  and  Engineering  Lab¬ 
oratory  under  DA  Proiect  4A062112A894 . 

Bibliography:  p.  21. 


(see  next  card) 


Smith,  North 

Insulating  and  load-supporting  properties... 

1979.  (Card  2) 


1.  Cold  regions  engineering.  2.  Expedient  con¬ 
struction.  3.  Foam.  4.  Sulfur.  5.  Unsurfaced  roads. 

I.  Pazsint,  Daniel  A.,  joint  author.  II.  United  States. 
Army.  Corps  of  Engineers.  III.  Army  Cold  Regions  Re¬ 
search  and. Engineering  Laboratory,  Hanover,  N.H. 

IV.  Series:  CRREL  Report  79-18. 


